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1.  INTRODUCTION 
1.1  1, 3- Dipoles: 
The concept of 1,3- dipoles was first introduced in a systematic way by R. Huisgen 
in 1963
[1]
 . He classified the 1,3-dipoles and suggested a concerted mechanism for 
1,3-dipoler cycloaddition  reaction . 
1,3-Dipoles may be defined as a three – atom system (a-b-c) in which "a" has an 
electron sextet that carries a formal positive charge and "c" is an anionic center 





Scheme 1: The general structure of 1,3-dipoles 
 
The most important 1,3-dipoles which undergo cycloaddition reaction readily are 




Table 1   Classification of the parent 1,3-Dipoles 
a b c a
b
c
N N N1 azides
2 N N C diazo compounds
3 C N O nitrile oxide
4 C N N nitrilimines
5 C N S nitrile sulphide
6 C N C nitrile ylides
7 C N O nitrones
8 C N N azomethine imides
9 C N C
azomethine ylides
10 C O C carbonyl ylides












Propargyl / allenyl type Allyl type
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Considering the all octet structure, the first six species have a central sp-hybridized 
heteroatom. They are called propargyl-allenyl type 1,3-dipoles. The others are of the 
allyl type. 
1.2    Nitrilimines (nitrile imides). 
 
Nitrilimines (1) are typical 1,3-dipolar species
[2,3]
, they have few different resonance 
structures. The resonance structures of them are shown in Scheme 2.  
Scheme 2: The resonance structures of nitrilimines (1) 
 
1.2.1   Generation of Nitrilimines 
 
Since their first introduction to the field of organic chemistry in 1963 by Huisgen,
[1]
 
different methodologies were proposed to generate them. However; and due to their 
thermal unstability, nitrilimines are usually generated in situ from their precursors, 




The main methods to generate them are listed below:
 
1) The first and most widely utilized method to generate nitrilimines 1 is via 
dehydrohalogenation of hydrazonoyl halides 2 using Et3N as a base.
[4,5]
 Scheme 3  
 
Scheme 3: Generation of nitrilimines via dehydrohalogenation of hydrazonoyl halide 
 R     C     N     N     Ar
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2) The second approach to generate nitrilimines involves the thermolysis
 [6]
 of 1,3,4-
oxadiazoline-2-ones 3. This method depends mainly on using heat, and the 
overall process involves loss of CO2. Scheme 4. 
 
 
Scheme 4: Generation of nitrilimines via thermolysis of oxadiazoline-2-ones 3 
 
3) The third method that was used to generate nitrilimines involves photolysis of 
sydnones
[7]
. This method is similar to the above method, but here light is used 
instead of heat. The process of generation the nitrilimines in this photolysis method 
also includes the loss of CO2 to generate the unstable three membered diazirine ring 
intermediate 5 which is then broken down to the required nitrilimines 1. Scheme 5  
 
Scheme 5: Generation of nitrilimines via photolysis of sydnones 4 
 
4) In the fourth methodology, either thermolysis or photolysis of 2,5-disubstituted 
tetrazoles 6 
[8] 
will generate the required  nitrilimines Scheme 6. In both cases i.e. 








Scheme 6: Generation of nitrilimines via photolysis or thermolysis of tetrazoles 6 
 
5) The last known method to generate nitrilimines involves the thermolysis of 3H-
1,2,3,4-oxathiadiazole-S-oxide 7
[9]
. In this method heat is required and the overall 







Scheme7: Generation of nitrilimines via thermolysis of oxathiadiazole-S-oxide 7 
 
1.3     Synthesis of hydrazonoyl halides 2: 
 
Hydrazonoyl halides 2 are used extensively as starting material for in situ generation 
of nitrilimines 1. The different methods used to synthesize them are summarized 
below. 
 
1.3.1 Halogenation of 1-aroyl-2-arylhydrazines 8  
 
The first method utilized to synthesis of Hydrazonoyl halides involves the 
halogenation of 1-aroyl-2-arylhydrazines. Different halogenation agents can be used 



























Scheme 8: Synthesis of Hydrazonoyl halides using halogenation agents 
 




Hydrazonoyl halides can also be synthesized by direct halogenation of 
arylhydrazones, Scheme 9. The aryl group must be a phenyl ring or deactivated 
phenyl. The presenece of any substituent group that activates the aromatic ring may 



































1.3.3   Diazo coupling with activated α -halo-methinyl compounds [Japp- 
           Klingmann Reaction]
[14]
 
α-Halo-methinyl compounds, activated by two electron withdrawing groups such as 
3-Chloroacetylacetone 11 (Y= CH3CO) or methyl 2-chloroacetoacetate 12 (Y = 
CH3COO) readily couple with arene-diazonium salts in basic aqueous media to 
generate the corresponding hydrazonoyl halides 2. This coupling reaction occurs in 
the presence of a base as pyridine or sodium acetate to give primarily the azo 
intermediate 13, which is then converted into the desired hydrazonoyl halide 2 in 
high yield (80-95%) via loss of the acetyl groups. 
 



























11: Y = CH3CO
12: Y = CH3COO
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1.4   Reactions of Nitrilimines 
Nitrilimines are very important precursors in organic chemistry and they are widely 
used in synthesis of heterocyclic chemistry. However; nitrilimines are well known to 
undergo the following types of reactions: 
1) Dimerization 
2) 1,3-dipolar cycloaddition affording five-membered ring heterocycles. 
3) Nucleophilic addition yielding acyclic adducts. 
4) Cyclocondensation reactions leading to five, six, or larger heterocycles. 
5) Reaction at the carbonyl group of substituted nitrilimines leading to different 
fused heterocycles. 
 
1.4.1    Dimerization 
 
Nitrilimines are normally generated in situ and the required species then added to the 
reaction mixture to generate the specific compound, however; in the absence of a 
reacting species, nitrilimines can undergo dimerization reaction. The product of the 
dimerization
[15]
 of nitrilimines is normally the corresponding symmetrical 1,4-








Scheme 11: Dimarization of nitrilimines into 1,2,4,5-tetrazines 
 










1.4.2   1,3-Dipolar cycloaddition reactions 
 
Nitrilimines undergo 1,3-dipolar cycloaddition reactions to form 5-membered 













 The reaction proceeds in many 
cases with a remarkable regio – and stereo-chemical control. General examples for 
some reactions of nitrilimines are shown in Scheme 12 and some selected examples 
about the reaction of nitrilimines with different hydrazones possessing an electron 
withdrawing groups reported in review article by Awadallah et.al
 [20]








































Scheme 13: Reaction of nitrilimines with hydrazones  
 
 
1.4.3    Nucleophilic addition reaction  
The other type of reaction that nitrilimines found to undergo is nucleophilic addition 
reactions. It is found that nitrilimines react with various nucleophilic species such as 




 The general equation 


























Y C N N Ar
1 22 a-e
22a Nu = OH
22b Nu = SH
22c Nu = CN
22d Nu = N3
22e Nu = NH2NH2
23a Nu = OH
23b Nu = SH
23c Nu = CN
23d Nu = N3









20a = X = COCH3
20b = X = COPh
20c = X = COOCH3
20d = X = COOEt
21 a-d
21a = X = COCH3
21b = X = COPh
21c = X = COOCH3
21d = X = COOEt
+












1.4.4    Cyclocondensation Reactions  
Important reactions of nitrilimines that lead to formation of heterocyclic compounds 
are occur when nitrilimines react with organic species that incorporating both 
nuclopile and electrophilc center suitably located to each other. Depending on the 
natural of the organic species that possessing the two centers i.e. nucleophile and 
electrophilic center both five and six membered ring can be formed in such as these 
reactions. For example; reaction of nitrilimines 1 with ethyl-2-amino-2-
methylpropanoate 24 produced 4,5-dihydro-1,2,4-triazin-6-ones 25
21]
 Scheme 15  
 
 
Scheme 15: Reaction of nitrilimines with α-amino acid ester to form 1,2,4-triazin 
 
Another example is the reaction of nitrilimines with methyl hydrazones of aliphatic 





Scheme 16: Reaction of nitrilimines with methyl hydrazones to form 1,2,4,5-
tetrahydro-s-tetrazine  
 
on the other hand, when nitrilimines 1 react with simple hydrazones for example 28 
Scheme 17 they produced the acyclic adducts 29 as stable products. Reflux of the 
+
24 25






























acyclic adducts 29 in the presence palladium on charcoal leads to the formation of 




Scheme 17: Reaction of nitrilimines with hydrazones to form 1,2,4,5-tetrazine 
 
1.4.4.1 Reaction of nitrilimines with α-aminonitriles[24] 
The reaction of nitrilimines 1 with α-aminonitriles 31 produces the 
corresponding imines 32 Scheme 18. 
 
Scheme 18: Formation of imines from the reaction of nitrilimines with  
α-aminonitriles 
 








































1.4.4.2 Reaction of Nitrilimines with ethyl hydrazinoacetate
 [25]
 
El-Abadellah et.al reported that the reaction of nitrilimines possessing an ester group 
1b with ethyl hydrazinoacetate
 
33 leaded to formation of compound 34 Scheme 19.  
Scheme 19: Reaction of Nitrilimines with ethyl hydrazino acetate 
 
1.5. Reactions of nitrilimines with dinucleophiles  
Nitrilimines that possess an acetyl group, for example, compound 1a or an ester 
group, compound 1b (Scheme 20),  have two electrophilic centers at the two 
adjacent carbon atoms i.e. the carbon bonded to the O atom through double bond 
(carbonyl group), and the other carbon bonded to the N atoms. Reactions of such 
nitrilimines with dinucleophilic organic species leads to formation of different types 
of heterocyclic compounds, as the dinucleophile have a chance to attack either of the 
two available electrophilic carbons. The final product depends strongly on the 






Scheme 20: Structures of nitrilimines that possess ester group 1a and acetyl group 1b 
 
For example; Abu Thaher et al reported that the reaction of substituted nitrilimines - 
generated in situ from compound 1a - with 2-aminopyridine
[26]

































 36 produced the new substituted Imidazo[1,2-a]pyridines 37 and 
Imidazo[1,2-a]pyrazines 38, respectively, Scheme 21. 
 
 
Scheme 21: reaction of nitrilimines with dinucelophils 
 
The second example was reported by Shawali et.al
 [28]
 (Scheme 22). They showed 
that reaction of nitrilimines 1a with diaminobenzene 39 produced benzopyrazine
 
40. 
On the other hand; Abu Thaher et al showed that the reaction of 1a with 2,3-
diaminopyridine 41 produced imidazo[1,2-a]pyridine 42; while reaction of 
nitrilimines 1b with 2,3-diaminopyridine 41 produced compound 43 
[29]
. The two 
products 42 and 43 are formed as a result of attack of two different nuclophiles, the 
first one is from the amino group at position 2, while the second nuclophile is from 
the nitrogen of the pyridine ring. The third nucleophile i.e. the second amino group 






Scheme 22: Reaction of nitrilimines with diaminobenzene and diaminopyridine 
 
The nature of the substituent group of nitrilimines i.e. the substituent is acetyl group 
for example compound 1a or ester group compound 1b, have strongly affected the 
mode of reaction. Completely different products may result from changing the acetyl 
to ester or vies versa. For example; reaction of nitrilimines 1a with ethyl pyridine-2-
acetate 44 produced the cyclic compound pyrrolo[1,2-a]pyridine 45. On the other 
hand when compound 1b was reacted with the same compound 44, it produced the 








































Scheme 23: Reaction of nitrilimines 1a and 1b with ethyl pyridine-2-acetate 
 
 1.6 Reaction of nitrilimines with 2-cyanomethylbenzimidazole 52 
The reaction of nitrilimines 1a with 2-cyanomethylbenzimidazole 47 (Scheme 24), 




Scheme 24: Reaction of nitrilimines with 2-cyanomethylbenzimidazole  
a) Y = CH3CO




















































The first one was reported by Elwan
[31]
 in 2004. She reported that the reaction of 
nitrilimines 1a with 2-cyanomethylbenzimidazole 47 produced pyrrolo[1,2-a] 
benzimidazole 49. Two years later; Awadallah et.al reinvestigated
 [32]
 the same 
reaction and they proved by X-ray analysis that the actual structure is compound 48 
which is in fact the isomeric structure for the compound reported by Elwan. 
 
Reaction of nitrilimines with 2-aminopyrimidine  
Awadallah reported that nitrilimines react with 2-aminopyrimidine yielding 
pyrimido[2,1-d]-1,2,3,5-tetrazine 
[30].
, (Scheme 25). 
Scheme 25: Reaction of nitrilimines with 2-aminopyridine 
Reaction of Nitrilimines with aminotriazole
[33]
 
The reaction of C-acetyl-N-aryl hydrazonoyl halides 2a with 3-amino-1,2,4-triazole 52 
in refluxing ethanol was reported by Shawali et al to give imidazo[1,2-b]triazole in a low 
yield (Scheme 26). The purification of the products was very difficult as  the authors 
reported. 











































On the other hand, Graf et al reported the reaction of C-Aryl-N aryl Nitrilimines 
generated from 2C with the two phenyl groups carrying electron withdrawing 
substituents with the same compound 3-aminotriazole to give the acyclic adducts as 
indicated by X-ray structure determination. The bonding occurred by the N4 of the 
ring rather than the amino group. Reflux of the later compound in acetic acid in 
presence of sodium acetate for several hours produced [1,2,4]triazolo[3,4-c]-1,2,4-
triazole by loss of ammonia (Scheme 27). 
 


















































Graf also reported that N-aryl-C-arylnitrilimines 2C reacted with 5-aminotetrazole 56 in 
refluxing ethanol to give compound (58) (Scheme 28). This is formed as a result of 






























































STATEMENT & OBJECTIVE 
OF THE PROBLEM 
32 
 
Purpose of the present work: 
The current research aims to study the reaction of nitrilimines 1d and 1e generated in 
situ from the corresponding hydrazonoyl chlorides using Et3N as a base with three 
different dinucelophilic amino azoles, namely: 
1) 5-aminotetrazole 56 
2) 3-amino-1,2,4-triazole 52 
3)  3-amino-5-methylisoxazole 59 
The structures of the two nitrilimines that were synthesized and used in the current 
research 1d and 1e are shown in Scheme 29 while the structures of the three different 



































1) Reaction of C-methoxycarbonyl-N-arylnitrilimines 1e with substituted azoles  
 
The reaction of 1e with 3-amino-1,2,4-triazole 52  may lead to the formation of the 
acyclic compound 60 which have a chance to lose a molecule of methanol to form 
the cyclic compound 61. The two possible products of this reaction are shown in 
Scheme 31  
 
 
Scheme 31: Two possible products from reaction of 1e and 52 
 
In a similar manner, reaction of 1e with 5-aminotetrazole 56 is expected to give the 
acyclic adduct intermediate 62 which in turn may cyclize via losing a molecule of 
methanol to form the cyclic compound 63 Scheme 32. However both the cyclic and 
the acyclic products are possible from theoretical point of view but the actual 



















































Scheme 32: Two possible products from reaction of 1e and 56 
 
In the last example, the reaction of 3-amino-5-methyllisoxazole 59 with the N-
arylnitrilimines 1e will be tested. In this case again theoretically; there are two 
possible products, the first one is the acyclic adduct 64 which may lose a molecule of 



















































Scheme 33: Two possible products from reaction of 1e and 59 
 
2) Reaction of C-acetyl-N-arylnitrilimine 1d with substituted azoles  
The reaction of C-acetyl-N-aryl Nitrilimine 1d with 3-amino-1,2,4-triazole 52 will be 
reinvestigated in THF as a solvent at room temperature. This reaction was reported 
before by shawali et al 
(33)
. They reported it using a polar protic solvent 
(CH3CH2OH) and the reaction was heated to reflux. Changing the reaction condition 
from polar protic solvent and heat to polar aprotic solvent like THF at room 
temperature may lead to different products. The reaction may give acyclic adducts 66 
Scheme 34. The acyclic compound 66 have two possible pathways to cyclize. The 
first possibility involves the loss of a molecule of ammonia NH3 to form the cyclic 
compound 67 while the other possibility is the loss of a molecule of water H2O to 





































Scheme 34: Reaction of nitrilimine 1d with aminotriazole 52 
 
The next step of the project is to examine the reaction of nitrilimine 1d with 
aminotetrazole 56. The reaction will be reinvestigated in THF at room temperature. 
Three different products are possible for this reaction. The first possible product is 
the result of nuclophilic addition reaction and the product is the acyclic adduct 69 
Scheme 35. However; the acyclic product 69 may cyclize via losing a molecule of 











































Scheme 35: Reaction of C-acetyl-N-arylnitrilimines 1d with 56 
 
On the other hand, and if the reaction goes through the cycloaddition reaction 
pathway both of the cyclic compounds 73 and 74 may form via elimination of 
hydroazidic acid HN3. Scheme 36. 
This cycloaddition at the C=N of the tetrazole followed by elimination of HN3 







































Scheme 36: Possible cycloaddition followed by elimination reaction of 

























































The reaction of nitrilimine 1d with  the isoxazole 59 may give one of the acyclic 
adduct 75 or 76 
 






































RESULTS & DISCUSSION 
41 
 
3.1 Preparation of Starting Materials  
 
3.1.1 Hydrazonoyl halides. 
The first practical stage of the current research is the synthesis of the two 
hydrazonoyl chlorides 2e and 2d, Scheme 38. These two starting material are the 
precursor for the in situ generation of the two nitrilimines 1e and 1d, respectively, 
through dehydrohalogenation reaction using Et3N as a base.  
 
Scheme 38: Synthesis of nitrilimines 1d & 1e.  
 
However; these starting materials are well known and have been reported in 
literature with full data analyses. In this project, we have used the same procedures 
without any modification. The melting points of these compounds are in good 





































3.2      Reaction of C-methoxycarbonyl -N-arylnitrilimine 1e with azoles 
3.2.1   Reaction of C-methoxycarbonyl -N-arylnitrilimine 1e with 3-amino-1,2,4- 
          triazole 52  
Reaction of C-methoxycarbonyl -N-arylnitrilimine 1e with 3-amino-1,2,4-triazole 52 
at room temperature in THF as a solvent Scheme 39 produced the acyclic adduct 60. 
The analyses data for the product confirmed the formation of 60 and no indication 
about the possible cyclic product 61 that may form as a result of loosing CH3OH 
from 60 was observed.  




HNMR spectrum for compound 60 (Figure 1), the singlet peak with 
integration value corresponding to one proton at 10.9 ppm is the signal of the NH 
group, while the singlet peak at 6.0 ppm is the peak of the NH2 group, it showed 
integration value that corresponding to two protons. The triazole ring has only one 
proton and resonated as singlet peak at 8.0 ppm. The four protons of the aromatic 
ring that normally appear as 2 doublet with equal integration and coupling constant 

































































C NMR spectrum also confirmed the acyclic structure of compound 60. 
Different 9 carbon atoms are present in compound 60. These different carbons are 
expected to be seen in the spectrum at different chemical shifts due to their different 
chemical magnetic environment. Indeed;   this is what the spectrum showed Figure 
6. The carbon of the ester group (C=O) resonated at 161.4 ppm; while the C=N 
signal resonated at 154.1 ppm. The signals of the aromatic carbons and the C=N of 
the triazole ring resonated at 142.5-116.8 ppm. The carbon of the OCH3 resonated at 




C-NMR spectrum for compound 60 
 
3.2.1 Reaction of C-methoxycarbonyl -N-arylnitrilimine 1e with 5- aminotetrazole 56 
Nitrilimine 1e generated in situ from the corresponding hydrazonyl chloride 1e under 
the same reaction condition i.e. room temperature and THF as a solvent using Et3N 
as a base reacted with 5-aminotetrazole 56 at room temperature in THF, to give the 




























































Scheme 40: Reaction of nitrilimine 1e with 5-aminotetrazole 56 
 
The structure of compound 62 was confirmed by the different available spectroscopic 




C -NMR spectroscopy. 
The first analysis that confirmed our right suggested structure for compound 62 was 
the mass analysis. Compound 62 has a chemical formula C10H10ClN7O2 and the 
molecular mass corresponding to this formula is 295/297. The mass spectrum 
analyses showed a peak at 296 which is assigned to the required peak plus H
+
. The 
mass spectrum for compound 62 is shown in Figure 3. This was the first indication 
about the formation of the acyclic compound 62 as in the mass spectrum there was 
no evidence about the formation of the possible cyclic product 63 that may form as a 





Figure 3: Mass spectrum for compound 62  
 
The structure of compound 62 was also confirmed by the IR analysis. The IR 
spectrum showed the peaks of NH and NH2 groups at 3111, 3168 and 3214 cm
-1
. In 
the same spectrum, the ester carbonyl group was clearly shown at 1748 cm
-1
. These 
major peaks confirmed the acyclic structure of compound 62   
The clearest confirmation for the correct structure of compound 62 came from the 
NMR analyses. In the 
1
H NMR; the singlet signal at about 11 ppm has an integration 
value corresponding to 1H and it was assigned for the proton of the NH Figure 4. 
The two doublet signals with equal integration values are corresponding to two 
protons at 7.43 and 7.37 ppm are assigned for the protons of the p- substituted 
aromatic ring (J = 9.0 Hz). The singlet signal at 7.12 ppm has an integration value 
corresponding to two protons and its chemical shift and integration fit with the two 
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protons of the NH2. The last singlet peak at 3.79 ppm has an integration value 









C-NMR spectrum also confirmed the correct proposed structure for compound 
62. This Compound has 8 different carbon atoms that must appear in the 
13
C-NMR 
spectrum. In fact, the spectrum showed all the required signals at the expected 
chemical shifts. The 
13
C-NMR spectrum for compound 62 is shown in Figure 5.    
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The peak resonated at 160.9 ppm is typical for the C of the ester group (C=O), while 
the C=N signal resonated at 156.5 ppm. The signals of the aromatic carbons and the 
C=N of the tetrazole ring resonated between 142-116 ppm. The signal at 53.1 ppm 
with no doubt is for the C of the OCH3 group.  
The above analyses result along with the discussion have provided a clear evidence 
about our right prediction for the formation of the acyclic adduct 62 instead of the 










3.2.3 Reaction of C-methoxycarbonyl -N-arylnitrilimine 1e with 3-amino-5- 
         methyllisoxazole  59 
Reaction of C-methoxycarbonyl-N-arylnitrilimine 1e with 3-amino-5-  
methyllisoxazole 59 was carried out under the same reaction conditions used in the 
synthesis of compounds 60 and 62. Herein and as in the previous reactions; two 
different products are possible, either the acyclic adduct 64 or the cyclic product 65.   
 
Scheme 41: The possible products from reaction of 1e and 59 
 
The obtained results of the product have shown that neither compound 64 nor 
compound 65 was formed. The IR spectrum was not useful in elucidation of the 
structure of the product. However; It showed the C=O of the ester group at 1771cm
-1
, 
in addition to a peak of NH at 3456 cm
-1 
Figure 6. The mass spectroscopy is of great 



























































































C-NMR were enough to support our claim that new compound 

























HNMR spectrum showed 2 singlet peaks at 8.7 and 8.3 ppm. These two peaks 
in principle are corresponding to two NH groups. The peaks of the aromatic ring (p-
chlorophenyl) were shown as two doublet signals with equal integration and equal 
coupling constant (J = 8.8 Hz) at 7.7 and 7.6 ppm and the peak of the ester (OCH3) 
resonated at 3.8ppm with the right integration value 3H. On the other hand, the CH 
signal of the isoxazole ring that normally appear at 6.0 ppm and the CH3 signal that 





is shown in Figure 7 
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The above discussion of the 
1
H-NMR spectrum proved that the product of the 
reaction in Scheme 41 is something other than the expected products 64 or 65. In 
other words the structure of the product is unknown to us.  
The 
13
C-NMR spectrum of the unknown compound showed a total of 9 peaks. Only 
one of the 9 peaks resonated at higher field (δ = 53.0 ppm), this peak without any 
doubt is OCH3 peak. No other peaks appeared below this δ value. This is another 
clear indication that at least CH3 group of the isoxazole ring has disappeared. The 
other 8 peaks all resonated at lower filed as the lowest peak resonated at (δ = 127.6 
ppm). The 
13





C-NMR spectrum for the unidentified product of 1e + 59 
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3.3 Reaction of C-acetyl-N-2,5-dimethylphyenylnitrilimine 1d with azoles 
 
3.3.2 Reaction of C-acetyl-N-2,5-dimethylphyenylnitrilimine 1d with 3- 
          amino-1,2,4-triazole 52 
Reaction of C-acetyl-N-2,5-dimethylphyenylnitrilimines 1d with 3-amino-1,2,4-
triazole 52 under the same reaction condition i.e. room temperature and THF as a 
solvent Scheme 42 produced the acyclic adduct 66. The analyses data for the product 
confirmed the formation of the acyclic compound 66 and no indication about the 
possible cyclic product was observed.  
 
Scheme 42: Reaction of nitrilimine 1d with 3-amino-1,2,4-triazole 52 
 
The IR spectrum of compound 66 showed the C=O of the acetyl group as a sharp 
peak at 1660 cm
-1




The mass spectrum also supported the acyclic product formation. Compound 66 has 
a chemical formula C13H16N6O and the molecular mass corresponding to this formula 
is 272. The mass spectrum analysis showed the right required peak for compound 66. 
































Figure 9:    Mass spectrum for compound 66 
 
The acyclic structure of compound 66was also confirmed by the 
1
H-NMR analysis. 
The compound has three different CH3, two of them attached to the phenyl group 
while the last one is the methyl of the acetyl group. The methyl of the acetyl group 
appeared as a singlet at 2.25 ppm while the other two methyl groups are appeared as 
singlet as well at 2.30 and 2.46 ppm. The NH appeared as a singlet at 9.8 ppm, while 
the NH2 group that has an integration value corresponding to 2 protons appeared at 
5.9 ppm. The CH signal of the triazole ring resonated as a singlet at 7.9 ppm. The 
three protons of the aromatic ring resonated as a duplet for CH at 7.27 ppm. This 












appearance of a doublet peak can be attributed to the long rang coupling between this 
proton and the closest proton of the aromatic ring. This long range coupling can be 
confirmed by the small value of coupling constant (J = 1.3 Hz). The other two 
aromatic CH protons resonated as doublet at 7.06 and 6.84 ppm. The 
1
H-NMR 




H-NMR spectrum for compound 66 
56 
 
The structure of the acyclic product 66 was also confirmed by the 
13
C-NMR analysis. 
A total of 13 different carbon atoms are possessed by compound 66. The three 
methyl groups appeared at the higher field of the spectrum at 17.1, 20.8 and 24.7 
ppm. These peaks appeared as well in the DEPT spectrum. The rest of carbons 
appeared at lower field as the C=O of the acetyl group which resonated at 190.5 ppm. 
The other 8 aromatic carbons of the triazole ring and the phenyl ring appeared 
between 139.9-117.8 ppm. In the DEPT spectrum four peak at 138.8, 130.91, 124.49, 
117.85 were appeared as these peaks are for the aromatic CH (3 x CH) and CH of the 
triazole ring. The 
13




C-NMR spectrum for compound 66 
 
 A close look at the 
13
C-NMR spectrum in Figure 11, easily indicate that the signals 











3.3.1 Reaction of C-acetyl-N-2,5-dimethylphyenylnitrilimine 1d with 5- 
        aminotetrazole 56 
Nitrilimine 1d generated in situ from the corresponding hydrazonyl chloride 2d using 
Et3N as a base was reacted with 5-aminotetrazole 56 at room temperature, to give the 











































Scheme 43: Reaction of nitrilimine 1d with 5-aminotetrazole 56 
 
The possible cyclic product compound 70 that may form through losing a molecule 
of H2O from the acyclic compound 69 was not formed. The structure of the acyclic 
compound 69 was confirmed by the different spectroscopic analyses. 
In the IR spectrum the C=O of the acetyl group was observed as sharp peak at 1660 
cm
-1
. The peaks of the NH2 and NH groups appeared at 3420, 3327 and 3210 cm
-1
 














The mass spectroscopy is also supported the acyclic product formation. Compound 
69 has a chemical formula C12H15N7O and the molecular mass corresponding to this 
formula is 273. The mass spectrum analyses showed the right required peak. The 



























Figure 13: mass spectrum for the acyclic product 69 
 
 
The structure of the acyclic compound 69 was also confirmed by the 
1
H-NMR 
spectrum. The compound has three different CH3, two of them attached to the phenyl 
ring while the last one is the methyl of the acetyl group. The methyl group of the 
acetyl appeared as a singlet at 2.25 ppm, while the other two methyl groups appeared 
as singlet as well at 2.35 and 2.47 ppm. The NH appeared as a singlet at 10.24 ppm, 
while the NH2 group that has an integration value corresponding to 2 protons 


















for CH at 7.26 ppm, and the other two CH resonated as duplets at 7.08 and 6.88 ppm. 
The 
1





H-NMR spectrum for compound 69 
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The structure of the acyclic product 69 was also confirmed by the 
13
C-NMR analysis. 
A total of 12 different carbon atoms are possessed by compound 69. The three 
methyl groups were appeared at higher field of the spectrum at 17.3, 20.7 and 24.6 
ppm. The rest carbons appeared at lower filed as the C=O of the acetyl group which 
resonated at 189.3 ppm. The N=C peak resonated at 156 ppm while the N=C of the 
tetrazole ring appeared at 140.0 ppm. The carbons of the aromatic ring resonated in 
the area between 135.9 - 118.7 ppm. The 
13
CNMR spectrum for compound 68 is 




C-NMR spectrum for compound 69 
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Due to the double bond geometry and the restricted rotation around the N=C bond, 
all the synthesized compounds in this project are expected to exhibit E/Z-
stereoisomerism, and the synthesis might lead to formation therefore of both isomers 
in different ratios that depends on the reaction conditions and the overall structure of 




CNMR or both of them. However; among the previous synthesized 
compounds the acyclic compound 69 exhibited an E/Z isomerization. The existence 




C-NMR provided a clear evidence 
about the existence of the two isomers. This was indicated by the duplication of each 
peak in the 
13
C-NMR spectrum. For example; the C=O of the acetyl group showed 
two peak at 189.3 and 192.7 ppm, the same outcome was observed for the C=N as 
two signals at 156.0 and 165.5 ppm. The carbon atoms of the aromatic rings were 
duplicated as well as the carbon atoms of the CH3 groups. The ratio of the E/Z 
isomers calculated from the 
13
C-NMR is about 1:0.2, it is worthy to indicate that this 
ratio is not accurate; a better determination can be obtained from the 
1
H-NMR 
spectrum that because the integration values in 
1
H-NMR are informative while in the 
13
C-NMR they are not informative in most cases. The 
13
CNMR spectrum showing 
the peaks due to E/Z isomers is shown in Figure 16. 
 

















3.3.3 Reaction of C-acetyl-N-2,5-dimethylphyenylnitrilimines 1d with 3-amino- 
         5-methylisoxazole 59 
Nitrilimine 1d generated in situ from the corresponding hydrazonyl chloride 2d using 
Et3N as a base was reacted with 3-amino- 5-methylisoxazole 59 in THF at room 
temperature. It gave the acyclic compound 75 in 30% yields after purification by re-
crystallization Scheme 44 
 
Scheme 44: Reaction of nitrilimine 1d with 3-amino-5-methylisoxazole 59 
 
Another possible structure for the product is compound 76 in which the nitrogen of 
the isoxazole ring is attached to the nitrilimine. It is not easy without doing X-Ray 











































The spectroscopic analyses data suggested that the product has the acyclic structure 
75. Compound 75 has a chemical formula C15H18N4O2 and the molecular mass 
corresponding to this formula is 286. The mass spectrum analysis showed the right 




Figure 17: Mass spectrum for compound 75 
 







H-NMR; the protons of two NH groups appeared as two singlets at 9.1 and 
8.9 ppm. The CH of the aromatic ring appeared as a singlet at 7.3 ppm while the two 
doublet peaks with equal integration and equal coupling constants (J = 7.5 Hz) are 
the peaks of the two neighboring CH of the aromatic ring. The proton of CH group of 




















H-NMR spectrum for compound 75 
 
 
The structure of the acyclic product 75 was also confirmed by the 
13
C-NMR analysis. 
A total of 15 different carbon atoms are possessed by compound 75. The four methyl 
groups appeared at higher field of the spectrum at 24.6, 21.1, 16.3 and 11.9 ppm. The 
rest of carbons appeared at lower filed as the C=O of the acetyl group which 
resonated at 192.6 ppm. The C=N signal and the signals of the phenyl ring and the 
isoxazole ring appear between 169.3-95.2 (10 signals). The 
13
CNMR spectrum for 













































using TMS as an internal reference. The chemical shifts are expressed in (ppm) 
downfield from TMS, and coupling constant are in Hertz (Hz). IR spectra were 
obtained by using infrared spectrometer in KBr. mass spectra were run on QTOFZ 
instrument (waters, Eschborn ,Germany) in institute of chemistry and biochemistry 
(frieudrich Wilhelm-university of born ) using electro spray ionization on the 
positive mode. Melting points were determined on an electrothermal melting temp. 
apparatus. 
4.1 Materials, Reagents, and Solvents 
3-chloroacetylaceton, 4-chloroaniline, triethylamine, pyridine, chloroform, 
tetrahydrofurane, 3-amino-1,2,4-triazole (52), 5-aminotetrazole (56), 5-methyl-3-
aminoisoxazole (59) were purchased from Aldrich. 
4.2 Preparation of starting materials 
4.2.1 Preparation of C-Methoxycarbonyl hydrazonoyl chloride 2e 
p-Chloroaniline (0.1 mol, 12.8 g) was dissolved in cold aqueous hydrochloric acid 
(80 ml, 5 N). To this solution was added dropwise a solution of sodium nitrite (0.1 
mol, 7.6 g) in water (25 ml) with efficient stirring at (0-5 
o
C). The stirring was 
continued for 20–30 min. The resulting freshly prepared solution of p-
chlorobenzenediazonium chloride was poured into a vigorously stirred cold solution 
(0-5 
◦
C) of (0.1 mol) in pyridine/ water (160 ml 1:1 v/v). Stirring was continued until 
a solid precipitate was formed (10–20 min.). The reaction mixture was then diluted 
with cold water (200 ml); the solid product formed was collected, washed several 
times with cold water, dried and washed with ethanol. The solid product was then 
purified by re-crystallization from CHCl3 /Pet. Ether (40-60
◦
C) to give the pure 




4.2.2 Preparation of C-acetyl hydrazonoyl chloride 2d 
2,5-dimethylaniline (0.1 mol, 12.2g) was dissolved in cold aqueous hydrochloric acid 
(80 ml, 5 N). To this solution was added dropwise a solution of sodium nitrite (0.1 
mol, 7.6 g) in water (25 ml) with efficient stirring at (0-5 
◦
C). The stirring was 
continued for 20–30 min. The resulting freshly prepared solution of 2,5-
dimethylbenzenediazonium chloride was poured into a vigorously stirred cold 
solution (0-5 
◦
C) of 3-chloroacetylacetone (0.1 mol, 13.5 g) in pyridine/ water (160 
ml 1:1 v/v). Stirring was continued until a solid precipitate was formed (10–20 min.). 
The reaction mixture was then diluted with cold water (200 ml); the solid product 
formed was collected, washed several times with cold water, dried and washed with 
ethanol. The solid product was then purified by re-crystallization from CHCl3 /Pet. 
Ether (40-60
◦
C) to give the pure product in 90% yield. 
4.3 Reaction of nitrilimines 2d & 2e with azoles 52, 56, 59 
Et3N (0.006mol) in THF (30ml) and (10ml) of methanol was dropwise added to a 
stirred solution of hydrazonoyl chloride 2d or 2e (0.006mol) and the azole (0.005mol) 
at room temperature. The stirring was continued for 24 hours. The solvent was then 
removed and the solid precipitate was washed with water and then washed with cold 
ethanol. The crude solid product was collected, dried and crystallized from hot 
















Yield 50%, yellow solid, mp >255
 ◦
C;. MS: m/z C11H11ClN6O2 (294/295 M
+.
, 
chlorine isotopes effect). 
1
H NMR (300 MHz, DMSO-d6): δ 10.88 (s, 1H, NH), 7.95 
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(s, 1H, N=CHN, triazole ring),
 
7.35 (s, 4H, aromatic ring), 5.95 (s, 2H, NH2), 3.74 
(s, 3H, OCH3). 
13
C NMR (100 MHz, DMSO) δ 161.5 (C=O), 154.0 (N=CN, triazol 
ring), 142.28 (C, aromatic ring), 138.76 (CH, NN=CHN, triazol ring), 129.32 (C, 
aromatic ring), 126.42 (s), 117.45 (CH, aromatic ring), 116.57 (CH, aromatic ring), 
52.7 (OCH3). 
 















Yield 30%, Yellow solid, mp 180-182 
◦
C; IR (KBr) cm
-1
: 3214, 3168, 3111 and 
1748 cm
-1




H NMR (300 MHz, DMSO), δ 
ppm: 11.12 (s, 1H, NH), 7.43 (d, J = 9.0 Hz, 2H, aromatic ring), 7.37 (d, J = 9.0 Hz, 
2H, aromatic ring), 7.12 (s, 2H, NH2), 3.79 (s, 3H, OCH3). 
13
C NMR (100 MHz, 
DMSO) δ 160.88 (C=O), 156.5 (C=N), 141.9, 129.7, 127.3, 116.9, 116.5 (aromatic 




unidentified product of 1e + 59 
 
Yield 80%, yellow solid, mp >250
o
C; IR (KBr): max =3153, 2955.91, 2360.7 
.1771cm
-1
. MS: m/z C13H13ClN4O3 (310/311 M
+.
, chlorine isotopes effect). 
1
H NMR 
(300 MHz, DMSO) δ 8.71 (s, 1H, NH), 8.30 (s, 1H, NH), 7.71 (d, J = 8.8 Hz, 2H, 
aromatic ring), 7.61 (d, J = 8.8 Hz, 2H, aromatic ring), 3.82 (s, 3H, OCH3), 
13
C 

















Yield 40%, brown solid, mp 194
o
C; MS: m/z C13H16N6O (272 M
+
) HRMS (Found 
272.1). 
1
H NMR (300 MHz, DMSO): 
1
H NMR (400 MHz, DMSO) δ 9.76 (s, 1H, 
NH), 7.89 (d, J = 1.3 Hz, 1H, CCHC, aromatic ring), 7.27 (s, 1H, N=CHN, trizole 
ring), 7.06 (d, J = 7.5 Hz, 1H, CH, aromatic ring), 6.84 (d, J = 7.5 Hz, 1H, , CH, 
aromatic ring), 5.92 (s, 2H, NH2), 2.46 (s, 3H, CH3), 2.30 (s, 3H, CH3), 2.25 (s, 3H, 
CH3). 
13
C NMR (100 MHz, DMSO) δ 190.5 (C=O), 153.3 (N=CN, triazol ring), 
140.3 (C, aromatic ring), 138.8 (CH, NN=CHN, triazol ring), 135.8 (C, aromatic 
ring), 130.9 (CH, aromatic ring), 125.9 (aromatic ring), 124.5 (CH, aromatic ring), 












Yield 48%, pale Yellow solid, mp 161-162
o
C; IR (KBr):    max =3327.56, 2980.65, 
2360, 1660 cm
-1
. MS: m/z C12H17N7O (273). 
1
H NMR (400 MHz, DMSO) δ 10.24 
(s, 1H, NH), 7.26 (s, 1H, CH, aromatic ring), 7.08 (d, J = 7.6 Hz, 1H, CH, aromatic 
ring), 6.92 (s, 2H, NH2), 6.88 (d, J = 7.7 Hz, 1H, CH, aromatic ring), 2.47 (s, 3H, 
CH3), 2.30 (s, 3H, CH3), 2.25 (s, 3H, CH3). 
13
C NMR (100 MHz, DMSO) δ 189.3 
(C=O), 155.96 (NC=N, tetrazol ring), 140.04 (C, aromatic ring), 135.91(N=CN), 
131.09 (CH, aromatic ring), 125.12 (CH, aromatic ring), 124.75 (C, aromatic ring), 












Yield 30%, pale yellow solid, mp 167-168
o





H NMR (400 MHz, DMSO) δ 9.08 (s, 1H, NH), 8.92 (s, 1H, NH), 7.29 (s, 1H, CH, 
aromatic ring), 7.00 (d, J = 7.5 Hz, 1H, CH, aromatic ring), 6.68 (d, J = 7.4 Hz, 1H, 
CH, aromatic ring), 6.06 (s, 1H, CH, isoxazole ring), 3.33 (s, 3H, CH3), 2.32 (s, 3H, 
CH3), 2.29 (s, 3H, CH3), 2.10 (s, 3H, CH3). 
13
C NMR (100 MHz, DMSO) δ 192.6 

























(HNN=C), 135.9 (C, aromatic ring), 133.7 (C, aromatic ring), 130.4 (CH, aromatic 
ring), 121.8 (CH, aromatic ring), 119.5 (aromatic ring), 113.6 (CH, aromatic ring), 
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